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ABSTRACT 
Test solids used in this study were dental inlay material, plaster 
Solid pellets were made by mixing an appro- of Paris, and paraplast. 
priate amount of these materials with a spore suspension of Bacillus_ 
subtilis var, niger . Pulverization was accomplished by the use of a 
blender-mill or mortar and pestle. 
preliminary tests when the mortar and pestle 
resulted in a significant increase in the percentage of viable microorgan- 
isms recovered. 
recovery rates. 
suspensions which were cleaned either chemically with lysozyme or 
physically by differential centrifugation were used instead of conventional 
spore suspensions. Similar results were obtained with paraplast. Use of 
the blender-mill resulted in recovery of fewer viable spores from test 
solids than use of the mortar and pestle. 
consistent and significant enough to warrant routine use of the blender-mill. 
More microorganisms were recovered consistently with the membrane filter than 
by etandard plate counts. 
all of the test solids in storage. 
Rate8 of recovery were low in 
were used but modifications 
The physical state of the spore inoculum influenced the 
Significantly higher recoveries were obtained when spore 
However, the recoveries were 
Die-away of microorganisms occurred within 
The use of ethylenediamine-tetraacetic acid (EDTA) for dissolving 
seeded pellets of plaster of Paris was found to be an excellent control method 
whereby die-away of the test organism could be taken into account in calcu- 
lating efficiency of recovery. 
I 
.. 
f 
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INTRODUCTION 
Valid procedures for the sterilization of spacecraft are contingent 
upon the ability to assess efficiently and precisely the levels of microbial 
contamination on the surfaces and within the interior of space hardware. 
The most complex problem is freeing viable microorganisms embedded within 
solids so that they can use nutrients and subsequently produce visible 
growth. 
insure the release of entrapped microorganisms without destroying them. 
Consequently the ideal technique is one that destroys the least number of 
microorganisms during assay, and destroys essentially the same number each 
tim,so that suitable and valid extrapolations can be made. 
The solid must be reduced to a particle size small enough to 
Methods for recovering viable microorganisms from solids have evolved 
slowly. In addition, sterility tests in use today do not satisfy com- 
pletely the requirements of the ideal test, nor does it appear that any 
one method will 
in the interior of space hardware. 
recover all the viable microorganisms that may be trapped 
Solid materials of various types have been studied by several investi- 
Various pulver- gators in an effort to enumerate embedded microorganisms. 
ization techniques were investigated in an attempt to free viable 
microorganisms from their encasement without causing a detrimental effect 
on the microorganisms (1,4,5,6,7,9,10,11). 
The main techniques tested were pulverization by mortar and pestle, 
ball mills, and blenders. In addition drilling, sawing, and abrasion 
were teetcd. Ilowsver, wont of t h e m  investigatione w e r e  hampered by the 
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lack of a va l id  model system. The usual procedure w a s  t o  add a known 
number of microorganisms t o  e i t h e r  powdered or l i qu id  material, induce 
s o l i d i f i c a t i o n ,  subject  the sample t o  the  p a r t i c u l a r  assay procedure, 
and then ca lcu la te  the percentage of microorganisms recovered. 
assumed t h a t  the severe environmental conditions caused by s o l i d i f i c a t i o n ,  
s torage,  and the presence of d i f fe ren t  types of chemical compounds d id  not 
a f f e c t  the tes t  microorganism. 
Idea l ly ,  such a model system should cons is t  of a s o l i d  which can be 
dissolved without harming the test microorganism, 
be assayed for the  actual  number of v iab le  microorganisms present,  irre- 
spective of pulverizat ion technique. 
than assay of the  o r ig ina l  inoculum should be used to  ca l cu la t e  percentage 
of recovery. 
It was 
This, however, usual ly  is not the case. 
so t ha t  one port ion can 
The r e s u l t s  of t h i s  assay r a the r  
The main object ives  of t h i s  study were: 1) to  develop an experi- . .  
mental model system which could be used t o  test var ious methods f o r  
recovering v iab le  microorganisms from s o l i d  materials; 2) to evaluate  
the e f f e c t  of the s o l i d i f i c a t i o n  process and storage on the survival  of 
microorganisms within test  so l ids .  
MATERIALS AND METHODS 
Solid p e l l e t s ,  approximately 1 c m  i n  length by 1 / 2  cm i n  diameter, of 
dental  in lay  material ( s i l i con  dioxide, Cristobalite Investment, Kerr Manu- 
fac tur ing  Company, Detroit, Michigan) and p l a s t e r  of Pa r i s  (calcium s u l f a t e ,  
The Synlcoloid Company) were made by mixing 0.25 t o  0.30 g of the steri le 
dry powder (dry heat sterillzed at 170 C f o r  3 hr)  with 0.1 m l  of an 
L 
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aqueous spore suspension i n  p l a s t i c  molds. 
w a s  Baci l lus  s u b t i l i s  var. niger.  
of material ,  the  spore suspension was heat-shocked a t  80 C fo r  15 min. 
The p e l l e t s  were allowed t o  dry i n  a 37 C incubator having a relative 
humidity of 38 to 42 percent and were s tored i n  t h i s  environment u n t i l  
assay. 
coat  with acetone p r io r  t o  assay. 
acetone treatment did not a f f ec t  the spore content of the pe l l e t .  
assay method consisted of grinding the p e l l e t s  i n  10 m l  of sterile Eugon 
broth (BBL) by mortar and pestle for one minute or i n  a "Pica" blender-mill 
(Cat. 113800, Pitchford Manufacturing Corporation, Pit tsburgh, Pa.) f o r  
15 seconds. Techniques employing standard p l a t e  counts (pour p l a t e s )  
and i n  some cases membrane f i l t e r s  were used to  determine the number of 
viable  spores recovered, 
Incubation t i m e  was 24 and 48 hours a t  32 C fo r  the membrane f i l t e r  and 
standard p l a t e  counts, respectively. 
the l a t t e r  method due t o  the slower development of subsurface colonies. 
The tes t  microorganism used 
Prior to  seeding the d i f f e ren t  types 
The p e l l e t s  were removed from the mold by dissolving the p l a s t i c  
preliminary tests showed tha t  t he  
The 
The cul ture  medium w a s  t rypt icase soy agar  (BBL). 
More t i m e  was required i n  
One m l  of l i qu id  paraplast ,  which had been dry-heat s t e r i l i z e d  a t  
170 C for 3 h r ,  was seeded w i t h  a benzene spore suspension of B. s u b t i l i s  
var. ni.Rer. 
temperature u n t i l  assayed. A t  the t i m e  of assay, the paraplast  w a s  
dissolved i n  sterile benzene and viable  spores were enumerated by use 
of membrane f i l t e r s .  Membrane f i l t e r s  (Mi l l i po re  HA 0.45 micron 
pore s i ze )  were placed on t rypt icase soy agar and incubated a t  32 C f o r  
7 4  hours, f n f t i a l  t e s t s  ehowed t h a t  bonFene d i d  not harm the spores or 
The paraplast  w a s  allowed to  harden and was s tored a t  room 
b 
- 5 -  
al ter  the eff ic iency of the membrane f i l t e r s .  
P e l l e t s  of p l a s t e r  of P a r i s  were dissolved i n  a 10 percent so lu t ion  
of  s ter i le  ethylenediamine-tetraacetic ac id  (EDTA, Harleco, Sc ien t i f i c  
Products) and assayed by procedures using both the standard p l a t e  count 
and membrane f i l t e r s .  
Preparation of the d i f f e ren t  spore suspensions. 
Three suspensions of spores of B. s u b t i l i s  var. n iger  were employed 
throughout th i s  study. 
d i f f e r e n t  manner. 
Each suspension was produced i n  a s l i g h t l y  
Suspension A was prepared by inoculat ing the surface of TAM agar  
(Difco) with 0.2 m l  of  a heat-shocked (80 C, 15 min) spore suspension 
and incubated f o r  5 days at  32 C. Colonial growth was washed from the 
agar  surface with cold s ter i le  d i s t i l l e d  water. 
jected to ul t rasonic  energy f o r  30 minutes i n  an ice bath t o  break up the  
l a rge  nmatted fragments and then washed 5 times i n  cold sterile d i s t i l l e d  
water, d i s t r ibu ted  i n t o  tubes, frozen, and s tored u n t i l  used. Most of 
the c e l l u l a r  debr i s  was  removed and approximately 75 t o  80 percent of the 
suspension were spores. The rest were vegetat ive cells. This suspension 
~ $ 7 3 3  the "d i r t i e s t "  of the three.  
The suspension w a s  sub- 
Suspension C was produced by inoculat ing 50 m l  of t ryptose broth 
with a suspensfon of heat-shocked spores and incubating a t  32 C on a 
ro ta ry  shaker for 18 hr. 
of modified "G" medium ( 8 )  which was incubated as above fo r  4 hours. A 
similar t r ans fe r  w a s  made a f t e r  4 hours. This lat ter cu l tu re  w a s  incu- 
bae0.1 i r r i t f l  Ppuruletfon ocrrirred. The suspension was washed 3 times and 
A 10 percent inoculum w a s  used to seed a f l a sk  
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then subjected t o  a lysozyme treatment (1 mg/L a t  pH 9.4 f o r  2 h r  a t  20 C).  
Afte r  t h i s  treatment the suspension was washed 10 times, diluted,  d i s t r i b -  
uted i n  sterile tubes, frozen, and s tored u n t i l  used. 
Suspension F was prepared by inoculating the surface of a p l a t e  of 
TAM agar supplemented with 0.02 percent magnesium s u l f a t e  and 0.08 percent 
calcium chlor ide with a heat-shocked spore suspension. 
incubated at 42 C f o r  24 hours. 
occurred a t  t h i s  higher incubation temperature. 
co lonia l  growth was suspended i n  sterile d i s t i l l e d  water and the suspen- 
s ion  w a s  heat-shocked and another plate of TAM inoculated. This process 
was done succeasively 3 t i m e s .  Finally the  suspension was subjected t o  
u l t r a son ic  energy f o r  30 minutes in an ice bath and centrifuged a t  9,000 
rpm. 
an orange l aye r  which was  removed eas i ly  by gent le  washing. 
w a s  washed 10 times with cold sterile d i s t i l l e d  water, d is t r ibu ted  i n  
tubes,  frozen, and s tored  u n t i l  used. It consis ted of 99 percent spores 
and w a s  the  "cleanest" of the  three suspensions. 
The cu l tu re  w a s  
Approximately 99 percent sporulat ion 
A small port ion of the 
The spores formed a gummy pe l l e t  and the c e l l u l a r  debr i s  occurred as 
The suspension 
RESULTS 
A r e l a t i v e l y  low percentage of recovery w a s  obtained i n  preliminary 
t e s t s  using seeded dental  in lay  pe l le t s .  
resu l ted  i n  an increased recovery rate. 
i n i t i a l l y  were: 1) dry grinding, 2) w e t  grinding, 3) use of various 
l i q u i d  menstrua, and 4) d i f f e ren t  grinding times. Greatest recovery was 
obtained cons is ten t ly  by w e t  grinding with mortar and p e s t l e  f o r  1 minute, 
using Eugon broth as the l i qu id  menstruum. 
Modification of these techniques 
Recovery methods invest igated 
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Figure 1 shows the r e s u l t s  obtained i n  preliminary tests using 
p e l l e t s  seeded with a conventional spore suspension (suspension "A") 
Maximum recovery was 17.9 percent a f t e r  7 days, with a s l i g h t  reduction 
a f t e r  15 days of storage.  
w a s  obtained using p e l l e t s  inoculated with spore suspension "C" (lysozyme- 
t rea ted)  as shown i n  Figure 2. 
number of viable  spores was observed. 
a f t e r  15 days. 
80 C f o r  20 minutes is also presented. 
recovery, ind ica t ing  tha t  par t  of the  population may have germinated while 
i n  the so l id .  
A higher rate of recovery of viable  spores 
Af te r  1 day of storage a reduction i n  the 
This die-away appeared to  s t a b i l i z e  
The e f f e c t  produced by heat-shocking the ground p e l l e t  a t  
It resu l ted  i n  a lower spore 
The e f f e c t  of storage on spores embedded i n  paraplast  and dental  
i n l ay  materials is presented i n  Figure 3. 
the  two d i f f e ren t  mater ia ls  appeared to follow the same pat te rn .  
sharp decrease i n  recovery of spores was observed a t  7 days, with more 
reduction and a s t a b i l i z a t i o n  a f t e r  15  days of storage.  
Recovery of viable  spores from 
A 
The physical state of the spore inoculum appeared t o  influence the 
recovery of v iab le  spores from so l id  materials. Typical r e s u l t s  are 
shown i n  Figure 4. 
5-. 1 c e l l u l a r  debris  removed, higher numbers of v iab le  spores were 
t rmvered  from the seeded sol ids .  Highest recoveries were obtained with 
c - - n e n s i o n  "F'' which was the cleanest  of the three suspensions. 
=,-:hod employing the mortar and pes t le  w a s  b e t t e r  than the blender-mill 
f::z recovering v iab le  spores from the so l id  materials tes ted ,  as shown 
i n  Figures 5 and 6. 
When the  spores used as inocula were "cleaned" and 
The 
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The results of s tudies  employing p l a s t e r  of Paris a s  a test s o l i d  
are presented i n  Tables 1 and 2 and Figures 6 and 8. 
several observations can be made. F i r s t ,  the  blender-mill recovered 
fewer v iab le  spores from the p las te r  of Paris than the mortar and p e s t l e  
but the recoveries were high enough t o  warrant i ts  use as an assay tech- 
nique. 
From these da ta  
Second, it is obvious tha t  using the o r ig ina l  inoculum to  calculate 
percentage of recovery is not va l id  because there  is a d e f i n i t e  die-away 
of microorganisms within the sol id  during its formation and storage which 
is not a t t r i b u t a b l e  t o  the assay procedures. Also, it appears t h a t  some 
spores may have been able to germinate within the so l id  and were k i l l e d  
by subsequent pulverization. 
Third, more spores were recovered cons is ten t ly  w i t h  the  membrane 
Although no explanation can be given a t  f i l t e r  than with pour p la tes .  
the  present t i m e ,  higher recovery with the membrane f i l t e r  may have been 
due t o  the washing away of s l i g h t l y  tox ic  chemicals i n  the  test  s o l i d s  
which did not manifest t ox ic i ty  on normal spores but d id  so with injured 
or  environmentally s t ressed  spores. Also, s ince more oxygen was 
accessible ,  more spores, especial ly  those which were fnjured,may have 
germinated and produced colonies.  
A reduction i n  the number of v iab le  spores recovered w a s  observed 
when a l l  of the test  so l id s  were stored (Figures 1, 2, 3, 7, and 8). 
Pulverizat ion of the  test so l ids  by the  two methods revealed two 
d i f f e ren t  types of p a r t i c l e s .  
the dental  in lay  material w a s  pulverized by e i t h e r  method. 
A sphere-shaped p a r t i c l e  w a s  formed when 
The p l a s t e r  
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of Pa r i s  material produced a rod or spindle-shaped p a r t i c l e  which had a 
tendency t o  aggregate. 
placed on a g lass  s l i de ,  mixed w i t h  an equal volume of nigrosin,  and 
examined microscopically. 
micrometer. For each technique and material used, 200 p a r t i c l e s  were 
counted. The results a re  shown in Tables 3 and 4. Particle s i zes  of 
1 micron and smaller were obtained by both methods, but the blender-mill 
usual ly  produced a grea te r  number of p a r t i c l e s  smaller than 1 micron. 
A small portion of pulverized material w a s  
Measurements were made with a ca l ibra ted  
DISCUSSION 
An experimental model system was designed which may be used to  t e s t  
various methods f o r  recovering viable microorganisms from s o l i d  materials. 
Two types of pulverizing equipment w e r e  employed to  reduce the tes t  s o l i d  
mater ia ls :  mortar and pes t le ,  and a blender-mill.  These methods o f f e r  
two d i f f e r e n t  types of pulverizing act ion.  
vides  a slow shearing force on sol id  materials, and the blender-mill 
enpl-oys a hand-pestle type of motion tha t  achieves p a r t i c l e  s i z e  reduc- 
t i o n  by a combination impact and mulling act ion.  The bes t  recovery of 
viable  spores w a s  obtained using mortar and pes t l e .  
percentage recovery of viable  spores from dental  in lay  material during 
a storage period of 50 days, the mean recovery rates were 70.7 percent 
with mortar and p e s t l e  and 44.5 percent with the blender-mill.  
p l a s t e r  of P a r i s  was  the test material, the mean recovery rate was 63.0 
percent with the mortar and pes t le  and 35.0 percent with the blender-mill.  
Although the results show t h a t  l ess  v iab le  spores were recovered when 
t;ie blender-mill w a s  employed, t h e  recovery w a s  cons is ten t  and s ign i f i can t  
The mortar and pes t l e  pro- 
Comparing the 
When 
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enough to warrant its use with solids which do not lend themselves to 
pulverization by mortar and pestle, In addition, the blender-mill elim- 
inates human variables and is a more uniform technique. 
The use of conventional spore suspensions to seed test solids 
resulted in low recovery of viable spores. 
"cleaned" and had cellular debris removed, recoveries were significantly 
increased. Best recovery was obtained when spore suspension F was used 
to inoculate the two test materials. 
of the three. 
As the spore suspensions were 
This suspension was the cleanest 
The maximum die-away of microorganisms in stored solids occurred 
within 15 days. 
hardening of the test solids undoubtedly exposed the spores to physical 
pressures. Also some of the spores may have germinated within the test 
solids and the resultant vegetative cells destroyed by dehydration or 
lack of nutrients. 
The reason for this die-away is not clear. Effects of 
These results emphasize the importance of the preparation and 
ultimately the physical condition of the spore suspensions to be used 
as test inocula in model systems. 
debris, a large number of vegetative cells in a spore suspension may 
provide enough trace nutrients to allow a portion of the spore population 
to germinate (3). This factor, coupled with calculating percentage of 
recovery based on the number of viable spores in the inocula, could 
account for the extremely low recoveries reported earlier (6,9). 
probability, if die-away during solidification and storage had been taken 
ir,to consideration, the recovery rates would have been significantly 
higher than reported. When one recalculates much of the data in these 
Even in the absence of gross cellular 
In all 
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reports ,  using the values obtained from dissolved test so l id s  r a the r  
than the or ig ina l  inocula, the recovery rates are indeed s ign i f i can t ly  
higher. 
Using EDTA to dissolve p las te r  of P a r i s  p e l l e t s  proved to  be an 
excel lent  method for determining the actual number of viable  microorgan- 
i s m s  within the test so l id  when t h e  e f f ic iency  of the  various assay tech- 
niques was compared. 
pulver izat ion with mortar and pes t le  than by dissolving with EDTA. 
difference w a s  probably due to the inh ib i to ry  e f f e c t  of EDTA i n  high 
concentration. Studies a re  being conducted a t  present to  determine the 
extent  of t h i s  factor .  
In  some cases higher recovery w a s  obtained by 
T h i s  
Paraplast  w a s  an idea l  solid t o  work with s ince i t  could be dissolved 
by benzene which has no detrimental e f f e c t  on the spores o r  membrane 
f i l t e r ,  Although it does not lend  i t s e l f  t o  pulver izat ion by e i t h e r  of 
t he  two methods tes ted,  it 
i n  sol ids .  
can be used t o  study the  survival of spores 
From the resul ts  obtained in t h i s  study the  following conclusions 
can be made: 
v i ab le  microorganisms from solids w h i c h  can be pulverized, and 2) 
designing a model system t o  test the  e f f lc iency  of recovery techniques 
care must be taken not only t o  u s e  v a l i d  cont ro ls  but a l s o  to employ 
c lean  spore preparations.  Both of these f ac to r s  are cri t ical .  
1) The blender-mill can be used e f f ec t ive ly  to  recover 
i n  
I n  the  next phase of t h i s  study, attempts w i l l  be made t o  develop 
a model system using a p l a s t i c  mater ia l .  Although several  p l a s t i c  sys-  
tems have been described ea r l i e r ,  m o s t  are e i t h e r  toxic  or soluble only 
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i n  solvents which k i l l  the  tes t  spores. 
p o s s i b i l i t y  of performing a va l id  control. 
t o  date  appears to  be the one designed by Angelot t i  and L e w i s  (2) using 
methyl methacrylate as the  so l id  and acetone as the solvent.  
The latter fac tor  e l iminates  the  
The only v a l i d  system reported 
Our preliminary work concentrated on polystyrene as a model p l a s t i c  
Carbon te t rachlor ide  because of i t s  s o l u b i l i t y  i n  carbon te t rachlor ide .  
is not toxic  t o  spores of B. s u b t i l i s  var. n iger  and can be passed through 
standard membrane f i l t e r s  with no dele te r ious  e f f e c t  on the f i l t e r .  How- 
ever ,  polymerization by both inject ion molding and peroxide ca t a lys t  was 
found t o  be l e t h a l  t o  test  spores. 
However, spores were successfully incorporated i n t o  pieces of p l a s t i c  
formed by laminating t h i n  sheets  of polystyrene together with carbon 
te t rachlor ide  or by compressing powdered polystyrene i n t o  p e l l e t s  using 
carbon te t rachlor ide  as an adhesive. 
these p l a s t i c s  a f t e r  more than three months a t  room temperature. 
Spores have been i so l a t ed  from 
Our e f f o r t s  are cur ren t ly  being d i rec ted  toward the methyl metha- 
c ry l a t e  system described by Angelotti and L e w i s  (2). Spores of 
- B. s u b t i l i s  var.  n iger  have been i so la ted  from polymerized methyl 
methacrylate a f t e r  d i sso lu t ion  i n  acetone. 
found tha t  the rate of dissolut ion of polymerized methyl methacrylate in 
acetone is markedly increased by u l t rasonic  energy. After  a rcodel system 
of t h i s  s o r t  is perfected,  recovery rates of the  blender-mill,  sawing, 
and d r i l l i n g  w i l l  be compared. 
I n  t h i s  process it has been 
The use of solvent r e s i s t an t  membrane f i l t e r s  (Gelman, alpha-6, 0.45 
m3-cron pore s i ze )  provided a precise and quant i ta t ive  method f o r  enumer- 
a t i n g  spores i n  acetone-plastic solutions.  Although acetone had no 
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e f f e c t  on the f i l t e r ,  water caused it t o  d i s t o r t .  Consequently when the 
f i l t e r  was placed on the surface of an agar medium i t  swelled and wrinkled. 
The e f f e c t  of p l a t ing  technique on the development of v i s i b l e  co l -  
onies  of B. s u b t i l i s  var. niger  on these f i l t e r s  was determined. 
recovery was obtained when the f i l t e r  was  placed d i r e c t l y  on the surface 
of the agar medium while it was still molten. Although the f i l t e r  
swelled, i t  did not wrinkle and remained on the surface of the  medium. 
When the f i l t e r  w a s  overlayed w i t h  the agar medium colonies developed 
slowly or not at a l l  and counting was d i f f i c u l t .  Poor recovery a l s o  
w a s  obtained when the  f i l t e r s  were placed d i r e c t l y  on the s o l i d i f i e d  
surface of the agar  medium. 
Maximum 
REFERENCES 
1. Angelotti, R. and K. H. Lewis, 1965. Ecology and thermal 
inactivation of microbes in and on interplanetary space vehicle 
components. 
Project R-36-015-001. July 1 - September 30, 1965. 
Second Quarterly Report of Progress on Research 
2. Angelotti, R. and K. H. Lewis. 1965. Ecology and thermal 
inactivation of microbes in and on interplanetary space vehicle 
coaponents. 
Project R-36-015-001. Oct. 1 - December 31, 1965. 
Third Quarterly Report of Progress on Research 
3. Halvorson, H. 0. 1958. The physiology of the bacterial spore, 
p. 24-42. Monograph. The Technical University of Norway, 
Trondheim, Norway. 
4. Hoffman, R. K., H. M. Decker, and C. R. Phillips. 1960. A tech- 
nique for the investigation of bacterial contamination inside 
electronic components. Protective Branch Report of Test No. 7-60. 
Fhysical Defense Division, Fort Detrick, Frederick, Maryland, 
11 March 1960. 
5. Iandolo, J. 1965. Recovery of microorganisms from solid 
materials. & JPL Spacecraft Sterilization Technology Program: 
A status report. Technical Report No. 32-854. Jet Propulsion 
Laboratory, Pasadena, California. Dec. 31, 1965. 
6. KcP':,ll, E. G., End W. T. Duffy. 1965. Microorganisms in solid 
materials. Phsse I, If, 111, and IV. Final Summery Report, 
Jet l'ropulsi9-1 Icboratory Contract 950-740. Dynamic Science 
Corporetioa, j?sszc!ena, California. April 23, 1965. 
REFERENCES (continued) 
7. McNall, E. G . ,  and W. T. Duffy. 1965. The recovery of 
microorganisms from the i n t e r i o r s  of solid materials.  JPL 
Contract No. 950-740. Mod. #3. Progress Report of period 
August 9 - October 9, 1965. 
8 .  Nakata, Herbert M. and H. Orin Halvorson. 1960. Biochemical 
changes occurring durf ng L;rowth find sporulation of Bacil lus  
cereus. J. Bacteriol .  80:801-810. -
9 .  Opfell, J. B. and W. T. Duffy. 1964. Microorganisms i n  so l id  
materials. Phases I, 11, 111, and IV. Report submitted on 
Je t  Propulsion Laboratory Contract No. 950-740. 
Science Corporation, South Pasadena, California.  August 26, 1964. 
Dynamic 
10. Por tner ,  D. M., R. K. Hoffman, H. M. Decker, and C. R. Phi l l i p s .  
L9G1. Invest igat ion of microbial contamination ins ide  cured 
solid propellant.  Protection Branch Report of T e s t  No. 13-62, 
Fozt Detrick, Physical Defense Division, Frederick, Maryland. 
November 8 ,  1961. 
11. Reed, L. L. 1955. Microbiological ana lys i s  techniques fo r  
spacecraft  s ted l iza t ion .  Space Program Summary No. 37-32 
V O ~ * J ~ O ,  IV February 1 t o  March 31, 1965. Jet Propulsion 
Laboratory, Pasadena, California. 
TABLE 1. COMPARISON OF PULVERIZING BY MORTAR AND PESTLE AND DISSOLVING 
WITH ETHYLENEDIAMINE-TETRAACETIC ACID (EDTA) FOR EFFICIENCY 
I N  RECOVERING VIABLE SPORES FROM PLASTER OF PARIS PELLETS. 
Age of** Pour plate Per- recoverv 
pe l le t  Dissolved by EDTA Pulverized by Based on Based on 
(days) mortar and pest le  EDTA recovery inoculum* 
Colony count 105 Colony count 103 as  100% as 100% 
1 2.90 3.68 126.9 92.7 
7 2.07 2.14 103.4 53.9 
14 2.63 2.34 89.0 58.9 
21 2.53 1.60 63.2 40.3 
29 2.53 2.60 102.8 65.5 
50 2.45 2.64 107.8 66.5 
A@= Of** Membrane f i l t e r  Percentage recovery 
pe l l e t  Dissolved by EDTA Pulverized by Based on Based on 
(days) mortar and pest le  EDTA recovery inoculum* 
colony count x 105 Colony count x 105 as  100% as  100% 
1 3 .OO 3.97 132.3 100.0 
7 3.07 3.47 113.0 87.4 
14 2.65 2.95 111.3 74.3 
21 1.90 2.01 105.8 50.6 
29 2.51 3.09 123.1 77.8 
50 2.57 3.00 116.7 75.6 
.i: 
Pel le t s  inoculated with 3.97 x lo5 spores. 
** Stored at 37 C. 
TABLE 2. COMPARISON OF PULVERIZING BY BLENDER-MILL AND DISSOLVING WITH 
ETHYLENEDIAMINE-TETRGACETIC ACID (EDTA) FOR EFFICIENCY I N  
RECOVERING VIABLE SPORES FROM PLASTER OF PARIS PELLETS. 
Age of Pour plate  Perc entarre rec o v e n  
pellet** Dissolved by EDTA Pulver ized by Based on Based on 
(days) b lender-mil 1 EDTA recovery inoculum* 
Colony count x 105 Colony count x 105 as 100% as 1OOX .- _ - -  -__ 
1 2.90 2.77 95.5 69.8 
7 2.07 1.33 64.3 33.5 
1 4  2.63 1.60 60.8 40.3 
21 2.53 1.08 42.7 27.2 
29 2.53 0.82 32.4 20.7 
50 2.45 0.73 29.8 18.4 
Age of Membrane f i l t e r  Percentage recovery 
pellet** Dissolyed by EDTA Pulver ized by Based on Based on 
(days) blender-mil 1 EDTA recovery inoculum * 
Colony count x 105 colony count x lo5 as 100% as 100% 
1 3.00 2.95 98.3 74.3 
7 3.07 1.66 54.1 41.8 
14 2.65 1.90 71.7 47.9 
21 1.90 1.45 76.3 36.5 
29 2.51 1.29 51.4 32.5 
50 2.57 1.23 47.9 32.0 
* P e l l e t s  inocula ted  wi th  3.97 x lo5 spores.  
S tored  a t  37 C. ** 
TABLE 3. PARTICLE S I Z E  DISTRIBUTION OF PLASTER OF PARIS PULVERIZED 
BY MORTAR AND PESTLE AND BY BLENDER-MILL. 
Size Mortar and pestle Blender-mill 
(microns) P e  men t age Percentage 
L e n g t h  Width L e n g t h  Width 
0.00 - 1.00 
1.00 - 2.00 
2.00 - 3.00 
3.00 - 4.00 
4.00 - 5.00 
5.60 - 10.00 
10.09 - 20.00 
20.00 - 50.00 
1.0 
5.5 
9 .oo 
9.0 
6.0 
34.0 
29.0 
6.5 
8.5 
27.0 
20.0 
13.5 
10.5 
19.0 
1.5 
0.0 
8.0 
15.0 
19.0 
16.0 
7 .O 
24.5 
7.5 
3.0 
32.5 
37.5 
15.0 
5.5 
2.5 
6.5 
0.5 
0.0 
TABLE 4. PARTICLE SIZE DISTRIBUTiON OF bENTAL INLAY PULVERIZED BY 
MORTAR AND PESTLE AND BY .BLEHDER-MILL 
S i z e  Mortar and Pestle Blender-mill 
(nic rons ) Percent age Percentage 
0.00 - 1.00 21 .o 24.7 
1.00 - 2.00 41.5 40.7 
2.00 - 3.00 21 .o 18.3 
3.00 - 4.00 7 .O 8.3 
4.00 - 5.00 2.5 4.3 
5.30 - 10.00 4.5 3.0 
10.00 - 20.00 2.5 0.7 
-- - -_____I___ 
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